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' PATENT 

Atty. Diet. No. AMAJt425&GPtfC0PPEVPJS 

Claims 1-17 are pending in the application and are subject to restriction cr 
election requirement 

Restriction to one of the following inventions is rsquired und?r C" U.:.?. 

Claims 1-3, Graven to an ancde, cl^soifoJ in clacs 2C4, subclass 2f] A 

Claims 9-17, drawn to a method of supplying electricity to an anode, ? r rcrif:3r! in 
class 205 t subclass 96. 

The inventions are distinct because Inventions 1 and II are related as product and 
process of use. In the instant case rhe anode cr the Group ! ;AA:;o cun be u^d in 
processes other than the process of the Group II claims. 

Applicants subrn:c that :.ne '.vr.^j;-? '-^de p^r^m <kh r^v M>A^f '*a 
supported by the specification. 

Applicants have amended the specification to correct matters of form. Applicants 

submit that the changes made herein are not new matter and are fully supported by the 

Having addressed ail issues set out in the office action, applicants respectfully 
request that the claims be allowed. - - - - 



Keilh"M.Tyckett" ~ 
Registration No. 32,008 
Moser, Pattersons Sheridan, L.L.P. 
3040 Post Oak Blvd., Suite 1500 
Houston, TX 77056 
Telephone; (713)623^844 
Facsimile: (713)623-4846 
Attorney for Applicants) 
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APPENDIX 

Please replace the paragraph' at 3-1 3 » v < iih lhe fc'ir.vir^ p—v-r a ^ ; 

Dep-ciiion of a metal in eleclrrplrtv ; n~ -c ty rrov'.: - - .-.t- ; -. 

current to the seed layer and then expor : r r ; the s hyer to an el cc^ lytic r ->!'■':'?" 
containing the metal to be deposited. One embedimerit cf an 3\^;\:op\z.\- j cv;t...- t:...' 
performs such metal deposition is depicted in FIG. 1. The device, knewr: ~s zx fountu:;i 
plater 10, deposits meN on the -oed hyo^ "3 o: a sehvVate 4°. Th : f-^--:» ph-trr ^ 
inciudes an electrolyte cell 12 having [an upper opening 13,] a removable substrate 
siuwvt 14. and an |£ mounted to [and looked near the base 447 ofi iHa 

to the anode 16. A neqrUive ooie 43 of the oon:ro.ier [4o{ £2 is electrically coupieu to 
the seed layer 15 of the substrate via a plurality of contacts 256 disposed around the 
periphery of the electrolyte cell [near the upper opening 13]. 

Ptease reolace the oaraoraph at oano ?.. lines 14-24, with the foHow^no 



The embodiment of contacts 256 depicted in FIG. 1 . represents a simplified 

v-."( a.uh tt :vi i,'..; i . . - _■»... • - * • - - - . • - . . . ..... . . , * 

L, a .v,^u;;.;r ;aa: pe.rr.i:j ^^c::at: * * : :vr! :ha -iactrj!^^ ^' : 

maintaining electric/current applied between the anode and the seed layer of the 
substrate. The electrolyte ceil 12 comprises an anode base 90 and an upper container 
segment 92. The anode 16 is mounted to the anode base 90 by anode supports 94. A. 
feed through 96 supplies electrical power to the anode and the electrical power is 
controlled by the controller [98] 42. The upper container segment 92 is sealably 
fastened to anode base 90 by nuts and bolts, screws, or other suitable removable 
devices to permit the repair and/or replacement of the anode 1 6 or other components. 
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Please replace the paragraph at page 2, lines 25-31 , with the. following 
paragraph: 

The plurality cf ccnracts 255 are ccjV-.T.z"::'* zo^\~-\ p*'s\.rr wrf— ' 4 : 
substrate that is immersed in en electroiy'o sclv-^n contained in -ho e*- Me c- J ! 12 
to enable the deposition of metal on the •■■jb < ;r,r;ile 4C. Th ■ contacts ZZo r.;yy L.! : o 
form of a contact pin, a contact surface, or any known typo of olociiical contact; Thc- 
contact; t^ut arc mounted about !h» [the] 2 cent-: r- [-] 

are positioned to minimize irregularities cf the electrical field oppi^d to rh^ nood :;r/cr 
fn-mori on t' n o Ruling surface 15 of substrata ^S. 

Please redact tne oaraaraon ac page z. sine o^. to ou;^ o, un^ '.vun ciu-; 
following paragraph: 

A substrate support 14 is pivofably mounted above the upper opening and is 

14 is pivoted into the removed position, the attached substrate is removod upwa-oiy 
from the electrolyte cell 12 [through the upper opening 13]. When the substrate support 
14 is pivoted into the inserted position, the attached substrate is pivoted downward 
r^u,-^, .^w f-u.^ ,.~^or ^p^nir.n 1^1 cuoh fhqt tHo option surface 15 of snhstr.^p i*? 
i^-n-<^H in eior*'fVirto «:n(ijtinn mntainsid in foe eteotrolvte oe!L While in tho immor-p.d 
r^^^t /^-v.rV'x/ ^■■>ooe r or n copoor af'ov^ oo'*-3H^i in th^ ^ocroK'" 1 
contained in the elearoiyte ceil 12 may be deposited on the substrata. The suhstrnM 
support 14 keeps the substrate connected to the substrate support when desired (for 
example using vacuum chucking, etc.). 

Please replace the paragraph at page 5, line 29 to page 6, line' 2, with .the 
following paragraph: 

After considering the following description, those skilled in the art will clearly 
realize that the teachings of this invention can be readily utilized in metal ion deposition 
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applications, and more particularly to configure and provide anodes that can be 
selectively energized. In at least one aspect, a programmable anode is provided that 
improves the uniformity of the current dor.sity cpplrd r.crcis o s -ed :-/-r cn -. 
sub lira's fe.n., wafer). 



Please 



replace the paragraph at par.c- 6, iinvs 0-15, with tho fo!!:-.'—;: p.^ra-rrph: 



FIG. 2 is a cross sectional view cf a foi;p. f ' : "; pl"t~r 10 haviro e! e ?c*"*>pla*!*\'7 
col; 2C0 according to one embodiment of tho invention. Thn electroplating col!" 2?0 
comprises the programmable anode [201] 202- The programmable anode [201] 202 is 

respective individual segments of the anode provides variation of the electric field in the 
electrolyte solution contained in the electrolyte cell that can modify the metal deposition . 

uniformiby/non-uniforrnity across the substrate. 

Plonse reoiace the paragraph at page o, tines wun xn*$ ronowing 

paragraph: 

l n th- pmbodiment shown in FIG. 2, the anode [2011 202 comprises a oluralitv of 
nqorl* senm^nK ?03a. 203b. 203c. and 203c with each one of the anode segments 
r.,.^^ from such r-^^" ; ?fn n^- ? hioh ourity. owq n . n . orvjo^'* {Cn} ^f.aop one* or 
plurality of anodo seo^n^ 203a, 203b, 203c, 203d ar* noometrica!!y centorod' 
about an imaginan/ segment axis 208 f and each anode segment has respective 
substantially coplanar upper segment surfaces 205a ? 205b, 205c, and 205d. While four 
anode segments'203a, 203b, 203c, and 203d are shown in FIG. 2, any suitable number 
may be provided. Additionally, each one of the plurality of anode segments 203a, 203b, 
203c, and 203d have respective lower substantially coplanar segment surfaces 207a, 
207b ( 207c, and 207d. Insulating connecting members 210 connect adjacent ones of 
the plurality of anode segments 207a, 207b, 207c, and 207d. The anode [201] 202 
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typically comprises a hydrophilic membrane [97] 87 as shown in the embodiment shown 

in FIG. 1 and described above, but is not depictod in FIG. 2 for simplicity of display. 

Please replace the paragraph at page 6, line 30 to page 7, lirse 12, with {;;';: 
following paragraph: 

The anode [201] 202 is configured ao a modular assembly that provides fr.r 
objure positioning arid relatively o;;r:y r^p!a ""::t. r.nt of tho a:r* " 
segments, [insulating base] Anodfi support [27C] 94 extends tol.vocr:, a; .;] ' is 
connected to, the anode base 90 and at least one anode segment of the anode- 201. 

support 94 [insulating base support ^/oj Lo irie unoot? :^se anu cne anoce suuo.,»r 
94 [insulating base support 270J to at lease one of the anode segment 203a, 203b, 203c, 
or~203d. Insulative support members 210 physically support each anode segment 
203a, 203b, 203c, and 203d relative to an adjacent anode segment (as shown in FIG. 

electric current passing between adjacent anode segments 203a, 203b, 203c, and 
203d, such that each anode segment can be individually electricaiiy_ biased to a 
separate potential. The [insulative base] anod e support [270] 94 and the insulative 

*-i r^il [2011 1^ (V^^ *-vhi" ^ !'„ rO'j/**} *m of tho ano^"^ 

the ceil wall. 

Please replace the paragraph at page 7, lines 13-30, with the following 
paragraphs: 

Portions of the anodes [201] 2QZ are consumed by the electroplating process, 
resulting in the production of anode sludge. Portions of the anode being consumed 
results in the anode assuming an irregular shape and contour. • For example, th height 
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of a worn anode is often inconsistent. Therefore, regular anode replacement is 

necessary to maintain uniform electric field cenora'.hn within the e'ectroiyte ce!'. V/h*r? . 

the anode [201] 202 does become irrc;.'.:!a r !y shaped ?<:o b cf '.h- ' • ! ?- ! -': 

consumed, or for other reasons, the anode [201] CT: ^hc-jld !ju rvpl-.c-.::'. 7: r:,'..?~ 
the anode, the upper container segment 92 is removed by lifting the upper cor.t-.'rcr 
segment from the anode mount SO sfisr ramcvin^ the fastener; U:?.': crn tn 
elements. The anode [2C1] 202 k t:v:n disconnecter! f^rn the r.-.c^e b->-?'C^, ~"d tV 
s.node [201] 222 is removed as a mod':'-.: ur : t. A replac-r.r-rt p-—'"'-- —do H^] ■ 
202 i'o then inserted and connected to the anode b^se CO. Trio up;:.-* c-.:r,t :r 
segment is then repositioned and fastened to the anode base, and will appear in the 

<lfl'.i iris c.nOCIt- Dbar. ciJ ..... i k.t.i 

embodiment, another modular anode [201] 20.2''enode base 90 unit is provided to 
replace the anode base 90 connected to the consumed anode [201] 202. The upper 

container segment is then repositioned and fastened to the anode base in the position 

Please replace the paragraph at page 7, line 31, to page 3, line 11, with the 
following paragraph: 

^a,-h < .n* of thPt ohralltv of anode seamen::: 20'^. 203b, 203c, and 203:; rr: 
**' ;y'7 connected to -he ~rn*T~ fr/ " ,r * by r :> _ ne:: M *? -vor,\r --\\ corrects o~ ■**;>:- 
.. ; - ro oqq 3 ?05b, 206-;, Tvi 20'H 'hat ex^'i thrc'.in^ e!ectrr>!yto oo'r 12 
(preferably through the -anode base 90 [447 of' the electrolyte ce!! 12]). The feod- 
throughs 206a. 206b, 206c, aria 208d are individually insulated by a coating such' as on 
elastomeric or insulative plastic. The coating limits direct chemical or electrical reaction 
with the electrolyte solution, and especially those portions that extend within. the 
electrolyte cell [200] 12. Anode support members [270] 94 rigidly and Insulatively 
support at least one anode segment 203a, 203b, 203c, and 203d relative to the [base 
447 of the] electrolyte ceil [220] 12. Although the anode segments 203a, 203b, 203c 7 
and 203d are depicted as being cylindrical or ring-shaped, any suitable anodei 
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configuration may be utilized where the anode is segmented into a plurality of shod 3 
segments 203a, 203b, 203c, and 20?d. For example, the encce $*~)mr\i rrr.y u ^ 
rectangular as depicted in FiG. 6 3nc dcj-rlbfjd bolr.v. 

Please replace the paragraph at page 9, lines A-\0, with the foilovvipj parr;; — ' : 

The embodiment of anode [2011 202 shewn in FIG. 2 produces an electric-: I f.JJ 
whose shape can be controiiabiy n:i;\.:sic-d. The ccnirolk-bl-j si ;:;t. f ..'i prcduc.vJ 
the programmable amode [201] 202 results in generation of a controllable electric 

^upront H^o^'tV onrncc thn c^»H l*w»r on fho c^ih^+rptp Th^ CO n * r o!!er 25^ COPt rr > ,c - + ^ 

the indivicual anode segments 2U3=i ( 203b, 203c, and 203c: by controlling alo :t^c 
current supplied to each individual anode segment 203a, 203b, 203c, and 203d. 

Please replace The paragraph at page 10, tines 1-13. with the »ollowiny 



The metalJons. are. dissociated .trom. within a volume oLthe ele.ctr.aly.te.soluti.on- 
(iricluding e.g. copper sulfate) into positively charged copper ions and negatively 

*■ .J '*-■■-»*-'•• ■ ' '.-,■■■* ' ■ " 

. .i j * ,^^< t j i~w ^. ■ . • ^ - - ■ ; - . - - - • 

^e oO^<ui. .......... 1 — i ■ - < ; > ■ j ■ . *- -■ - - 

distinct anode segments ^Ooa, zo-5o, zu^c, and z03u. Tno (jisoojidecci m^a* iorio u.*^ 
deposited on the seed layer on the substrate 48. increasing the electrolyte solution' flow 
from the input port 80 (and the corresponding electrolyte solution output flow over the 
annular weir portion 82) provides for decreasing the physical size of the depletion region 
270 by replacing the depleted components. This replacing the depleted components 
i ncrease$ the supply of copper [sulfite] sulfate in the electrolyte solution adjacent the 
seed | a y er . The pnocess of dissociating metal ions from the copper [sulfite] sulfate 
continues where the dissociated metal ions may be deposited on the seed layer. 
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Please replace the paragraph at page 10, lines 14-30, with the following. 

paragraph: 

A reference sensor 250 is shown pcsi;:ened in close proximity, b-!t f"~~ J Tone, 
b substrate 48 positioned for a plating operation (for example, in the conn::' rin:; 2?0). 
The reference sensor 250 monitors surface p-;t-.*.t;u! (current C:.r~Yr) at fU 3 'O 
surface 15 of the substrate 48. The rof~ronoo r/r.scr 260 is pofriticr-c r.: f-r r.:-; 
Possible from any contact 256 s::pp 'y:r*-:; ry ,r "~- v 1 ■ . . . M - ' ^. P . 

isolation of the reference sensor 250 irjrr. ccntac' ; 256 limit the e^ctne-i ^; 
resulting from a contact that is proxirnaily located to the reference sensor. The electric 

:;o«o f ;ene;a;ea >n —c^roiy:^ sotuuun i;o;uf. t -i-,,. ♦ . . ^--i^y^ 
other electrolyte solution properties arc held constant, the electric field and the current 
density generated in the electrolyte solution is controlled by several factors including 
controlling II -.a electric current flowing through ^forort ones of *he mdrad^n' ?n 0 de 

shape and configuration of the anode. "Therefore, me suriac* poierma) monitors 
adjacent the surface cf the substrate by the reference sensor 250 provides an indication 
of the effect of the current flowing in the individual anode segments 203a, 203b, 203c, 
-w 'xrw of th* *nrvi° r?.01l 202. 



q'-^p tpn oa'aQraoh at o^c^ 1'--' ; ,r ^::s 1^-31 . wth tne- r "oi;n\vtnc 



The anode segment 702 T a can be shifted horizontally to the anode segment 702b 
in an alternate embodiment of programmable anode, still referring to FIG. 7. Assume 
that it is determined by the reference sensor 250 that the current density is not at the 
same level across the seed layer on a substrate during processing. One anode 
segment 702a or 702b is shifted to make the current density in the seed layer uniform. 
The relative positions of the axis 704a and 704b of the anode segment 702a or 702b 
can be adjusted by loosening a clamping mechanism (not shown) that secures either or 
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both of the anode segments 702a. 702b relatively in position. Anode segment(s) 702a 
or 702b [as] can then be repositioned as desired. Fo!!^v.'irs: :^~~ [ >\-r.\~z ~ f 'tb« -rr-'- 
secmenls, the damping mechanics is rvrte~?zli mni-:.?:: '.b~ ?rv-^ c-j-.- •::».- ~!" - 
and 702b in position. Additionally, thick. of certain p, ^ .::.d: : 
segments can be altered as shown by arrows 70 e s and 7' :b t: tb rj err -.n'. den^y 
applied to specific locations of tho i-jsti layar en lb; ;ubs;rat3 cr> d -rircl. 

r^ease repiace ine paragon c i*t, \ v. . w , 

paragraph: 



voltage/current in each anode [sogrnonts] segment as weii a-> voi:age/curreni in th^ 
contacts 256. For example, gradient current density value 808a represents when only 
the inner anode segment 203a shown in FIG. 2 is energized. Gradient current density 
vaiue 806b represents wnen oniy snoo^ segments 2uoa d«;u 203o are energi-c^u. 

and 203c are energized. Gradient current density' vaiue 3Cod represents when ail of the 
anode- segments 203a, 203b, -2-Goc, and 203d -are energised.- As shown m FIG.- 3; as 
different combinations of the anode segments 203a, 203b, 203c, and 203d are 



vaiue dOd represents che sum or l : in^anL'aneojs grajioiU c^ir^n; density values 
806a, 806b, 306c, and 806d for each seed layer location during the period that metal 
ions are being deposited across the substrate, The :otal gradient current density values 
should be substantially constant from the periphery to the center of the seed, layer to 
ensure a uniform depth of metal deposition across the seed layer on the substrate. 

Please replace the paragraph at page 14, line 29 to page 15, line 6, with the 
following paragraph: 
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The controller 254 can alter the duration and/or current leve! applied from each 

anode segment (thereby varying the instan^neous gradient current c!^r-- ; ty \Hu-} to 
comp^n*!?*^ for the r.on-unifonr. ov^~~t d^.nniiy ry'" r :v- :v:r-:y • t! 
|-yjr. Th? r.?;vun; r orrri:';:en ex;::t t V" - r»- .:. - ^ 

periphery 102 of the substrate than the c^'- 104 cf the substrate tir.^A^-.i < : Vv 
Controlling the electric current applied from the comb" nod onod^ so^rner** 2?"'*, 
203c, and 203d across the width of the prooranvr-bie ancdo [22 V; 2;22 cc :-p :r,: :^ to 
provide a uniform currant d^rr^y nr-s r~<^, i-y^-. By mn'ro"--; -i.* r'-w— 
current applied through the individual anode segments 233a f 203b, 203c, and 203d, the 
current density near the center 104 of the seed layer on the substrate can be adjusted 

Please replace the paragraph at page 16, tines 3-20, with the following 
paragraph: 

electric v'oilage/current at a prescribed level to asfj-ito the inner anode segment 203a. 
The method 300 then continues to step 306 \vhsro_ thp controller 254 waits for 3 
prescribed duration during which time the electric voltage/current applied during step 

io ii-ji-j^ed, d higher i^.-re.r. density !j ippl":d '0 :h * v '34 37 th3 see i laye^ o - = 
substrate 48 than to the periphery 102 of the S3ed layer on the substrate 48. Fnergizing 
inner anodo segment 203a results in the current density being higher near the contar'of 
the seed layer compared to the side of the seed layer. This higher current density 
results because the inner anode segment 203a is physically located closer to the center 
104 of the seed layer on the substrate 48 than the periphery 102. Electrical resistance 
from any anode segment to the nearest seed layer is lower than the resistance to other 
portions of the seed layer, as described above. During the period that only the inner 
anode segment 203a is actuated, the rat of metal ion deposition performed within the 
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electroplating eel! [12] 200 is higher near to the center 104 of the seed layer 15 of the 

substrate 43 than near the periphery 102 of the seed layer. 



p;^3 r^p^ee the paragraph at p—- 22 t: r J* 2"! f '\ ±~ 

follo'.ving paragraph: ■ • 

The roferzr.ce sensors 250 may I: :, any c-. t'V: vrsr; nty of sor.:..:,": *!".■..' ... . c r.:: 
current density on the seed layer en ti:*; :v,b5traio, as c , C"r! , ;.--:d above. C*::^; : .!v: 
controller 254 in .this embodiment considers surface potential across the substrate, if 
only one reference sensor is used, than the surface potential at different !o";tion° ; hnve 

eleciroplatinc cell [12j 200 assuming th#t the measured values do nor change. Any 
variation in monitored electric current values on the substrate 43, as sensed by the 

^cF'^pn^^ ^r.n-r.rc ^ r \H Hnq^'H l vj;^ ^K^vn re- f £^rJ "5*1^ Ihc^ COpt"^!^" ^ ^ ' f " r ^« ^n^^A 1 '^- 

203d to control -he e!ec:nc currenc density applied across me seed ;syer on :ne 
substrate. The embodiment in FIG. 4 js directed at controlling _the voltage/current 
applied to the distinct anode segments 203a, 203b, 203c, and 203ri making the sensed 



FIG. 3 erne-! 1 -- » - 
en -gir od 



Please replace the paragraph at pace 21, lines 5-13, with the following 
paragraph: 

The method 400 begins with step 402 in which a substrate to be electroplated is' 
inserted into the electroplating cell 200, The method 400 continues to step 404 in which 
the controller 254 applies electricity to each one of the plurality of anode segments 
203a, 203b, 203a 203d (See FIG. 2).. During step 404, the current/voltage levels 
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applied to each one of the plurality of ancdo segments is initially preferably at a single 
voltage level. Thus, the electric Held Generated by th- a node [201] ?22 ^ tte -^stratr 
43 should be substantially uniform h' t: . vl'.'thr. - kl : ..* "h :.f t: 

proc^ oi^mbo; 223 in the e!ec:r:'yt- cc!i:t:?r. ;:'j:h i:n;:crrri l y r<c!'::;~ c;;u/:J"*y 
condilions adjacent the walls). 

Pie^se repldv;j the paragraph at pc;p 21, :v.- 2Z to p-G- 22, !'.,;:.: 2, v/.lh ih: 
fo!Ic;v/i;iy paragraph: 

Method 400 continues to steo 406 in which the controller 254 senses the 

provided having sensors emoeuded Liieieir: ^uci thdt tn^ dummy substrate is inserted 
in'the electroplating cell in a manner similar to an actual substrate/ The anode [201] 

in the eiec^omagnenc iieici to me catnorie, c^rmnes wnetner to adjust .-; jc'.: 
Held applied to any one of the anode segments 203a. 203b, 203c, or 203d to m.odjfv 
current density across the seed layer on the substrate. 

Appiicd: hav*_- [ji v ; .k.;ocJ ufd^y.ny o.t.-jr^. .rj.T. j ii sepdraLc; uocuiuj.,.. 
proposed corrections are also shown on the attached copy of the amended drawing, 

IN THE CLAIMS: 

Please cancel claims 9-17, and amend the claims as follows: 
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2. (Amended) The anode of claim 1 , wherein at (east two of the plurality of anode 
segments (are aligned with each c:;;:r r'^ve h g plane tak?a n ?r ™^.-.j-,- t! e 
dx^] have s» L' " ^1: / 

5. (Amended) The anode of claim 1, further comprising ['nsula^ivo mc'-mbj 
insulating members that [position] org. ct a : J jacoQt >jam s ; :!'. :r *\ - t u - plural/ 
of anode segments [relative] to each o:har. 

7. (Amended) The anode of claim 1, wherein each one of the plurality of anode 

segments is [physically closest] doser to a distinct portion of the cathode than the rest 

o. (Amended) The anode of claim i, v/herein at least one of me anode [yegrnentj 
segments is cylindrical. 
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